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The lowness of the rate of 120 degrees stress 
relaxation shown in Table 2 shows that the alloy 
of this invention has high heat resistance and 
also high strength. 

In addition the electric conductivity of an alloy 
1 is 27% lACS, and is the same as brass. 

IVIoreover, it was 429 N/mm2, when low 
neeling was earned out at 250 degree C 1 hour 
and the spring critical value was measured 
about the alloy 1 . 
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Specification 
(Claims) 

(Claim 1) A copper group alloy for heat exchangers comprising 7 to 
18% Zn by weight, 0.5 to 3.0% Ni by weight, 0.5 to 2.0% Sn by weight, 
0.01 to 0.20% P by weight, with the remainder being Cu and unavoidable 
impurities . 

(Claim 2) The copper group alloy for heat exchangers as noted in 
claim 1, whereby the crystal grain size is 0.005 to 0.035mm. 

(Claim 3) The copper group alloy for heat exchangers as noted in 
claim 1 of claim 2, whereby tensile strength is 33 Kgf/mm^ or greater and 
the Erichsen value is 11mm or greater. 

(Claim 4) Plate members for heat exchangers composed mainly of 
copper group alloys comprising 7 to 18% Zn by weight, 0.5 to 3% Ni by 
weight, 0.5 to 2.0% Sn by weight, 0.01 to 0.2 0% P by weight, with the 
remainder being Cu and unavoidable impurities. 
(A detailed explanation of the invention) 

(Field of industrial utilization) This invention concerns a copper 
group alloy for heat exchangers, more specifically a copper group alloy 
which is ideal and very reliable as a constituent material for 
automobile radiators, or for various heat exchangers for various 
industrial or home uses 

(Prior art) In the past, copper group alloys have been used in 
automobile radiators, or for various heat exchangers for use in various 
industries or homes. When used in automobile radiators they have been 
used chiefly as materials constituting the tanks, plates, tubes and fins 
which configure these. Copper group alloys of type 1 brass or type 2 
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brass which have hardness and superior soft fabrication workability are 
used in particular for the tanks, plates and tubes. 

In recent years the automobile industry has been aggressively 
seeking to lighten the weight of vehicles and improve the reliability of 
materials and has sought to lighten and improve the reliability of 
individual parts for automobiles. 

However, these previously noted brass materials of type 1 brass and 
type 2 brass used in automobile radiators have had problems with 
reliability since there have been cases of them causing dezincif ication 
corrosion and stress corrosion cracking. In addition, with respect to 
the lightening of materials, in satisfying requirements for fabrication 
there is a pressing need to improve hardness even further. 

The dezincif ication corrosion and stress corrosion cracking that 
occurs in automobile radiators using brass parts is thought to be due to 
the following reasons. Since radiators are normally cooled forcibly by 
air, corrosion occurs due to such things as SO2, Nox and CI2 gases, etc. 
Likewise, an environment conducive to corrosion is created in the engine 
compartment due to the entry of materials used for melting snow and ice 
(such as NaCl, etc.), and moisture. In addition coolant circulates in 
a radiator and, if used for a long time, corrosion generating matter and 
dirt are generated and due to such things as differential aeration 
cells, which occur due to the appearance and accumulation of these, and 
impingement corrosion from the circulating fluids, such things as 
dezincif ication corrosion, intergranular corrosion or pitting occur from 
the inside, shortening the lives of radiators. 

In addition, in the respective parts of radiators, stresses such as 



3 



the residual stress due to fabrication and caulking at the time of 
assembly, along with the corrosive environment generate stress corrosion 
cracking, causing significant defects such as leaking of fluids. 

(Problem the invention is intended to solve) The purpose of this 
invention is to solve the previously noted problems with prior art 
technology and offer copper group alloys superior in such things as 
resistance to stress corrosion cracking, and moreover that is superior 
in hardness, fabrication workability and properties for soldering. 

(Means for solving the problem) The inventors, as a result of their 
assiduous research to solve the previously noted problems, by 
restricting the Zn constituents contained in prior art brass materials, 
as well as adding appropriate amounts of Ni, Sn, and P, significantly 
improved the corrosion resistance, particularly the resistance to stress 
corrosion cracking of brass and found out how to improve the hardness 
and fabricating properties, culminating in this invention. 

That is to say, the present invention concerns a copper group alloy 
for heat exchangers comprising 7 to 18% Zn by weight, 0.5 to 3% Ni by 
weight, 0.5 to 2.0% Sn by weight, and 0.01 to 0.20% P by weight, with 
the remainder being Cu and unavoidable impurities. 

This copper group alloy can be obtained as an alloy with a crystal 
grain size of 0.005 to 0,035mm and when this condition is met the alloy 
becomes more desirable as a copper group alloy for heat exchangers. 
Likewise, it is possible to obtain it as an alloy with 33 Kgf/mm or 
greater tensile strength. Finally, it is possible to obtain it as an 
alloy with an Erichsen value of 11mm or greater. When these conditions 
are met it becomes most suitable as an alloy for use in heat exchangers. 
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but because it is not necessary for it to fulfill all of these 
conditions, depending on the use for the alloy, manufacturing conditions 
are chosen that correspond to purpose, taking cost-effectiveness into 
consideration. This invention, in addition, provides plate members for 
heat exchangers composed chiefly of the previously noted copper group 
alloy. 

In the following, the reasons for restricting the constituents of 
the alloy of the invention and their operation will be explained. Zn 
has the effect of improving hardness and the fabrication workability, as 
well as the heat resistant adhesion properties of soldered parts, and 
these effects will not be satisfactorily manifested unless the amount of 
Zn contained is greater than 7% by weight. If it exceeds 18% by weight, 
even with the existence of Sn and P, dezincif ication corrosion and 
stress corrosion cracking will more readily occur. Because of this, the 
amount of Zn to be contained in this invention is from 7 to 18% by 
weight (preferably 9 to 16% by weight) . 

Ni has the effect of improving hardness, temperature resistance and 
resistance to stress corrosion cracking, and these effects will not be 
satisfactorily manifested unless the amount of Ni contained is greater 
than 0.5% by weight. If it exceeds 3.0%, the workability will worsen. 
Because of this, the amount of Ni to be contained in this invention is 
from 0.5 to 3.0% by weight (preferably 0.65 to 1.1% by weight) . 

Sn has the effect of improving hardness, resistance to 
dezincif ication corrosion and resistance to stress corrosion cracking, 
and these effects will not be satisfactorily manifested unless the 
amount of Sn contained is greater than 0.5% by weight. If it exceeds 
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2.0%, hot workability will worsen. Because of this, the amount of Sn to 
be contained in this invention is from 0.5 to 2.0% by weight (preferably 
0.5 to 1.5% by weight) . 

P has the effect of improving melting and casting properties and 
proof against stress, and these effects will not be satisfactorily 
manifested unless the amount of P contained is greater than 0.01% by 
weight. If it exceeds 0.2% by weight, stress corrosion cracking will 
more readily occur. Because of this, the amount of P to be contained in 
this invention is from 0.01 to 0.02% by weight (preferably 0.03 to 0.10% 
by weight) . 

In addition, if Ni and P are added at the same time the crystal 
grain becomes finer and this has the effect of improving resistance to 
stress corrosion cracking. Likewise hardness and heat resistance 
improve due to the formation of Ni-P type compounds, but the preferable 
ratio of Ni to P is 5 or more of Ni to 50 or less of P (even more 
preferable would be 6 . 5 of Ni to 37 of P) . 

As the amount of Zn contained decreases, susceptibility to 
dezincif ication corrosion and stress corrosion cracking also decreases, 
but since there will be insufficient hardness, the amounts of Ni, Sn and 
P must be increased. Thus the amounts of Ni, Sn and P it contains have 
a close relationship with the amount of Zn it contains. Increasing the 
amount of Ni, Sn and P it contains leads to disadvantages in 
manufacturing, such as a decrease in flow properties during casting, an 
increase in flow stress when hot working or cold working, or a decrease 
in ductility, or the formation of a coating during heat treatment. 
Thus, the minimal amount of Ni, Sn and P added and the ideal amount of 



6 



Zn that will satisfy properties is sought. The ideal amount of Zn is 9 
to 16%, and the amounts of Ni, Sn and P are respectively in ranges of 
0.65 to 1.10, 0.5 to 1.5 and 0.03 to 0.10%. Thus when the preferred 
amount of Zn contained is 9 to 16%, then the amounts of Ni, Sn and P 
are respectively in ranges of 0.65 to 1.10, 0.5 to 1.5 and 0.03 to 
0.10%. 

Fine crystal grain size improves hardness and resistance to stress 
corrosion cracking, but deep drawing and punch fabrication workability 
are not as good. Thus, 0.005mm or more is preferable and when 0.035mm 
is exceeded, the hardness and resistance to stress corrosion cracking 
decline. Likewise, rough surfaces tend to occur frequently after 
fabrication. Thus the range of crystal grain size should be 0.005 to 
0 . 03 5mm. 

In order to cope with the thinning of the tanks, plates and fins of 
radiators, it is preferable that tensile strength be 33 Kgf/mm^ or more 
and the Erichsen value be 11mm or more. Even more preferable would be 
a tensile strength of 34 Kgf/mm^ and an Erichsen value of 13mm or more. 
If hardness and fabrication workability do not improve together, it is 
difficult to achieve the lightening of radiators. Moreover, the 
improvement of resistance to corrosion makes the thinning of thicknesses 
possible . 

The present invention will be explained below in greater detail 
with a preferred embodiment. However, the range of application of this 
invention is not restricted by this embodiment. 

(Description of preferred embodiment) Specimens 1 through 14 of 
copper group alloys with their chemical composition shown in Table 1 (% 



% 

by weight) were dissolved using a harmonic induction melting furnace and 
were cast into 40mm x 40mm x 140mm ingots. The melting and casting 
atmosphere was completely sealed with inert gases. 

Next each ingot was cut into 40mm x 40mm x 15mm sizes and these 
cast bars were hot rolled at 810 °C, thus obtaining 5mm thick hot rolled 
sheets. After these were surface buffed they were cold rolled to 1.5mm 
and annealed at a temperature of 500 to 550 °C. After these were acid 
washed they were cold rolled to 0.4mm and annealed at a temperature of 400 
to 600°C so that the crystal grain size would be 0.025mm. However, of the 
specimens, only Number 8 was annealed at 650 °C and the crystal grain size 
was made 0.060mm { We sought crystal grain sizes based on JIS H 0501) . 

After acid washing the sheets obtained, they were buff polished to a 
surface roughness of Rmax 0.0015mm. These were used as test specimens and 
the tensile strength, elongation, Erichsen value and stress corrosion 
cracking were sought and the results are shown together in Table 1 . 

The measurement of tensile strength, elongation and Erichsen value 
were done following JIS Z2244, JIS Z 2241 and JIS Z 2247 (A method), 
respectively. For stress corrosion cracking, commercially available 
aqueous ammonia (25-28%) was diluted with distilled water to 13% and was 
placed in the bottom of a dessicator. Next, a test specimen was bent into 
an arch configuration so that the stress in the central portion would be 
10 Kgf/mm^ and was placed together with the tool holding it in that 
position into the dessicator and maintained at ambient temperature. 

These test specimens were removed from the dessicator after the 
respective times specified had passed for each of them and then the surface 
of the specimens were observed magnified 4 Ox with a stereoscopic microscope 
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% 

and the time at which cracks were generated was measured. 

The following was ascertained from the results shown on Table 1. 
Number 1 through Number 3 alloys which are the conditions of this invention 
are superior in tensile strength, elongation and Erichsen value, are good 
in resistance to stress corrosion cracking as well and thus we know that 
they are superior alloys as copper group alloys for heat exchangers. 

In contrast to this, the control alloy No. 4 which had less Zn than 
that specified by this invention had low hardness and, because the amount 
of Cu contained is greater, it is inappropriate for use as industrial 
material since the material costs balloon. Conversely, control alloys 
Number 5, 6 and 7, which had more Zn than the prescribed amount, despite 
the fact that they contained the amounts of Ni, Sn and P prescribed by the 
invention, cracked during hot rolling and could not be manufactured. 

Control alloy Number 8, which did not contain Sn, had low hardness and 
elongation and Number 9, which did not contain P, were inferior with 
respect to resistance to stress corrosion cracking. Likewise, control alloy 
Number 10, which did not contain Ni, was inferior in terms of both hardness 
and resistance to stress corrosion cracking. 

Control alloy Number 11, which contained less Ni and Sn than that 
prescribed by this invention, was inferior in both hardness and resistance 
to stress corrosion cracking. 

Control alloy Number 12, which contained neither Ni nor P, cracked 
during hot rolling and could not be manufactured. 

Control alloys Numbers 13 and 14, which were prior art brass materials 
which do not contain Sn and P, were found to be inferior with respect to 
hardness and resistance to stress corrosion cracking. 
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(Effect of the invention) As explained earlier, the copper group 
alloys of this invention have superior properties in terms of hardness, 
fabrication workability and resistance to stress corrosion cracking for use 
in heat exchangers and can cope with the lightening and higher reliability 
demanded of heat exchangers in various fields nowadays 

TABLE 1 
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[Key:] 

1. alloy number; 2. chemical composition of copper group alloys (% by 
weight); 3, tensile strength (Kgf /mm^) ; 4. elongation (%) ; 5. Erichsen 
value (mm); 6. cracking time (Hr) ; 7. Remarks; 8. or greater; 9. or less; 
10. crystal grain size; 11. cracked during hot rolling 
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